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cent of the effective area of the cross-section of concrete. In most cases such monolithic linings are of questionable value. When the bank settles, the reinforced concrete lining will be left unsupported at some points, and there the slab will crack and may eventually be broken up by wave action, thus allowing the waves to enter the gaps with disastrous effect.
Concrete Lining of Square Blocks, In some cases the upstream face of earth dams has been protected from wave action by concrete linings of square blocks, generally not larger than 6 by 6 ft. It is not usually necessary to reinforce these blocks. The thickness of the block in inches should be the same as the dimension of the block, in feet; i.e., a block 6 ft square should be 6 in. thick. The squares should be poured alternately, the blocks being separated by layers of three-ply tar paper so that they will adjust themselves to the surface of the embankment in case of settlement. Sometimes precast concrete slabs of much smaller size are used. Small blocks of wood, J^ in, thick, may be used to separate the slabs, thus insuring their settlement with the embankment and preventing bridging. Parallel to the center line of the embankment a concrete curb should be built against which to place the concrete lining. This curb should be at the inner edge of a berm or shoulder in the embankment and should extend not less than 18 in. below the bottom of the concrete lining.
If the concrete paving is monolithic or if the concrete blocks are set without spaces between them, it is essential to provide numerous gravel backed weep holes through the concrete (equal to at least 15 per cent of total area) in order to allow the water in the embankment to drain away when the reservoir is drawn down quickly. Otherwise, hydrostatic pressure behind the concrete lining might break it or cause it to slide down the slope and possibly, also, cause the sloughing of some of the saturated embankment material.
The accident at Belle Fourche Dam (see Art. 6, Chapter 17) illustrates the hazard to which concrete slab paving for wave protection is subject. It is believed that such slab paving should not be used unless adequate provision is made for back drainage.
The subject of wave protection is worthy of more thorough investigation than it has so far received. Its importance is indicated by the fact that it often costs from 25 to 50 per cent as much as the embankment itself.
23. Porous Concrete Slab Slope Protection. Porous concrete has been used for drainage purposes in masonry dams for at least 35 yr. When properly made it is comparatively strong and is very nearly as pervious as ordinary gravel or crushed stone. At the Santee-Cooper Project in South Carolina (1940), L. F. Harza, Consulting Engineer, decided to utilize a layer of porous concrete slab for the protection of the upstream slope of some of the earth dams. The climate is mfld and the formation of anything but paper-thin ice on a pond or reservoir is unheard of.
Porous concrete for slope protection has the same advantage as stone riprap, i.e., that on the recession of a wave the water can readily drain out through the interstices without the accumulation of a considerable amount of hydrostatic pressure against the bottom of the slab.